Currently, obtaining evidence of the correlation between economic growth and environmental deterioration is of great relevance. Due to an increase in economic activity, an increase in CO 2 emissions and its possible effects on the current climate change is very worrying. The studies that analyze this correlation serve as a basis for the awareness of countries and the establishment of policies worldwide to curb such deterioration. The objective of this research is achieved through a panel data model and spatial econometric techniques to address the relationship between economic growth and environmental degradation in Ecuador. A regression model is proposed where the deterioration dependent variable is CO 2 emissions, which is also an independent variable for the provincial gross value added. Poverty and inequality are considered as control variables in order to observe their effects on CO 2 emission. The results are coherent with what is stated by the theory and describe an inverted U-shaped curve. They also show that the generation of pollutant emissions is directly related to the growth of the vehicle fleet and inversely related with the population's schooling levels. The spatial effects are significant and the spatial impact multipliers indicate that the strongest direct and indirect effect is the one caused by the generation of car emissions per capita. This variable is relevant for the design of public policy aimed at improving environmental quality.
Introduction
Currently, there is great concern about the global increase in CO 2 emissions, which is the main cause of the so-called greenhouse effect or global warming phenomenon and the current climate change. According to the European Commission, "CO 2 is the greenhouse gas most commonly produced by human activities and it is responsible for 64% of man-made global warming. Its concentration in the atmosphere is currently 40% higher than it was when industrialization began" [1] . In the year 2003, the international reported that, for the first time, an environmental agency had registered a worrying concentration of 400 parts per million of CO 2 in the air. In 2015, this record was considered to have been generalized, beginning a new era of global warming and climate change. Climate change is defined as any persistent change in the state of the climate due both to natural variability and to human activity [2] . In this context, the concern caused action at the international level with measures aimed at reducing emissions and mitigating the harmful effects of climate change.
In less developed countries, CO 2 emissions have increased in recent years, while in developed countries the opposite has taken place, mainly because of bad policy [3] . In the specific case of Ecuador, there has been a process of natural resource overexploitation and the amounts of CO 2 emissions increased due to the progressive economic growth, which has been registered since 2000. Official data indicate that the emission of greenhouse gas (GHG) increased by 54.6% from 1990 to 2006. CO 2 is the second most frequent GHG emitted and its emissions doubled in that period [4] .
In the scientific field, the analysis of the relationship between CO 2 emissions and level of economic activity has become a core element of environmental studies [5, 6] . There are many studies and authors that contrast this relationship [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
One of the first studies was carried out by Grossman and Krueger [22] , which shows that the relationship between CO 2 emission and the economic activity level showed an inverted U-shape, which was an issue that was corroborated in a later study [7] . These authors defend the hypothesis that an increase in economic growth would eventually imply less environmental degradation. The results obtained are the basis of the model known as the environmental Kuznets curve (EKC). This model is an extension of the hypothesis proposed by Kuznets [23] , who offered a relationship between the inequality level and per capita income, in other words, between income and economic growth. However, as Wagner [24] points out, the relationship between CO 2 emissions and economic growth, as well as appearing in an inverted U-shape, can also be shown by a U-shape with a linear form [20, 25, 26] , or any other shape [27] , monotonic rising curve [28, 29] , non-monotonic [30] [31] [32] , found an N-shaped curve.
Kuznets [23] considered that, in the long term and starting from the early period of the industrialization of countries, inequality would initially increase as economic growth accelerated, until reaching a maximum level, after which as income increases, inequality will tend to decrease. Under this premise, the distribution of income inequality would be shown by an inverted U-shape [23] . Their findings have had a strong impact on the study of income inequality and on environmental studies.
The EKC model (inverted U) was applied in numerous investigations in the field of environmental studies, based on the initial empirical evidence generated by the works of Grossman and Krueger [7, 22] . However, the results are very different and are subject of intense debates in economic literature [14, 20, 33, 34] . According to Stern and Cleveland [9] , this disparity is due to the lack of robustness of the different econometric estimation techniques used or to the bias of not considering certain factors in them, as is what Begum et al. [35] (p.595) points out is "the selection of different samples (a country/few countries/a region); time periods; variables and analytical techniques". These statements are supported by work performed in relation to the study in different countries. Mahmudul et al. [36] (p. 466) found different results depending on the country where the study was carried out: "Income and energy usage show relationships with CO 2 emission for all four countries. CO 2 emission and population growth show a significant relationship for India and Brazil. Indonesia and Brazil support the environmental Kuznets curve both in the long run and short run. China supports the environmental Kuznets curve hypothesis only in the long run. India does not support the environmental Kuznets curve hypothesis, neither in the short run nor in the long run". Following the EKC model, there are contributions that show empirically the existence of an initial deterioration of the environment in the early stages of economic growth and its improvement after a certain threshold [9, 35, [37] [38] [39] [40] [41] [42] [43] . In summary, these studies observe empirically that economic growth improves environmental quality under the emission reduction approach. In contrast, as already indicated, the results are mixed and several studies did not corroborate the existence of the EKC model, since the empirical evidence found that an increase in economic growth caused greater economic degradation [38, 44, 45] .
In the case of Ecuador, studies on this subject are scarce, especially due to gaps in the information on environmental data [46] [47] [48] [49] . In all cases, the study of the EKC for Ecuador is carried out at an aggregate level, none of the studies available show subnational evidence, although the generation of contaminants is necessarily a spatially localized and non-homogeneous process. The aim of this study is to estimate the environmental Kuznets curve at a subnational scale, that is, for the provinces (regions) Sustainability 2020, 12, 853 3 of 20 of Ecuador during the 2007-2014 period, by specifying a panel data model and spatial econometrics techniques. The aim of the control variables used is to observe that poverty and inequality effects could influence the generation of pollutant emissions. In addition, the educational level variable is included to confirm the presumption that societies with a higher educational level tend to take more care of the environment. In summary, this research work aims to fill the research gap on this subject in Ecuador.
This work is divided into the following sections. After the introduction in which the objective of the research is presented, the data on CO 2 emission, electric power consumption, and gross value added in Ecuador are presented. In Section 2, a review of the literature on the EKC and the Carbon Kuznets curve (CKC) is made, in addition to considering conceptualization and empirical evidence. In Section 4, the methodology is described, i.e., main variables considered in the econometric model and the models to perform the linear and spatial econometric estimations necessary for deducing the CKC in Ecuador. Then, in Section 5, the analysis and interpretation of the results of the econometric estimations is carried out. Finally, the conclusions are discussed.
CO 2 Emissions, Electric Power Consumption, and Gross Value Added (GVA) in Ecuador
When the economy of a country improves, its levels of production, employment, and income also increase. Although the increasing use of resources is essential for the economic growth process of countries and their regions, the levels of consumption, energy, and environmental pollution (CO 2 emissions) also increase. Figure 1 shows that in the period between 1971 and 2013, there was an accelerated growth both in per capita electricity consumption and in the amount of CO 2 emissions in Ecuador. Between 1971 and 1984, the increase in CO 2 is consistent with what happened in the country during the golden age of oil, in which consumption and external debt levels increased significantly. Since 1985, the data, both of electricity consumption and CO 2 emissions, show an irregular behavior, which is associated with the crisis experienced by Ecuador in the 80s and 90s, mainly associated with external debt, the volatility of the international price of a barrel of oil, the international financial crisis, and climatic disasters (e.g., El Niño phenomenon and earthquakes). Since 2000, there has been a sustained growth in Gross Value Added (GVA) and average productivity, which is accompanied by a growing trend in CO 2 emissions.
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CO2 Emissions, Electric Power Consumption, and Gross Value Added (GVA) in Ecuador
When the economy of a country improves, its levels of production, employment, and income also increase. Although the increasing use of resources is essential for the economic growth process of countries and their regions, the levels of consumption, energy, and environmental pollution (CO2 emissions) also increase. Figure 1 shows that in the period between 1971 and 2013, there was an accelerated growth both in per capita electricity consumption and in the amount of CO2 emissions in Ecuador. Between 1971 and 1984, the increase in CO2 is consistent with what happened in the country during the golden age of oil, in which consumption and external debt levels increased significantly. Since 1985, the data, both of electricity consumption and CO2 emissions, show an irregular behavior, which is associated with the crisis experienced by Ecuador in the 80s and 90s, mainly associated with external debt, the volatility of the international price of a barrel of oil, the international financial crisis, and climatic disasters (e.g., El Niño phenomenon and earthquakes). Since 2000, there has been a sustained growth in Gross Value Added (GVA) and average productivity, which is accompanied by a growing trend in CO2 emissions. At the subnational level, in demographic terms, the most populated cities are located in the largest provinces and have the highest concentration of productive activities [50] (p.456) and CO2 emissions. The most populated Ecuadorian provinces are Guayas and Pichincha, whose population represents 43% of the national total figure [51] . At the subnational level, in demographic terms, the most populated cities are located in the largest provinces and have the highest concentration of productive activities [50] (p.456) and CO 2 emissions. The most populated Ecuadorian provinces are Guayas and Pichincha, whose population represents 43% of the national total figure [51] .
In the these provinces, the GVA per capita was 6.09 and 8.26 thousand dollars, respectively, in 2014, values that were only surpassed by the oil provinces of Orellana and Sucumbíos, which for the same year had a GVA per capita of 52.67 and 18.73 thousand dollars, respectively, with only 2.1% of the national population. In addition, the provinces with the largest number of micro-, small-, medium-, and large-sized enterprises are Guayas (19.0%) and Pichincha (23.9%), which together with Manabí, Azuay, and Tungurahua account for 62% of the total [52]. Figure 2 shows the relationship between CO 2 emissions and provincial GVA averages for the 2007-2014 period. The data highlights that the electricity consumption by province is proportional to the number of inhabitants, so in 2014 the demand for energy in the most populated provinces was 7193.68 GWh in Guayas and 4015.81 GWh in Pichincha. Consequently, the level of CO 2 emissions is also higher in the most populated provinces. For the same year, in Guayas, it was 0.84 tons per capita and in Pichincha it was 0.67 tons per capita, while in the oil provinces it was 0.38 tons per capita for both Orellana and Sucumbíos.
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Environmental Kuznets Curve (EKC) and Carbon Kuznets Curve (CKC)

Conceptualization EKC and CKC
In those studies that address the relationship between economic growth, energy consumption, and CO2 emissions, the authors divide the specialized literature into three lines of study: "the study of the relationship GDP-energy consumption or GDP-energy-CO2 emissions, including the study of causality relationships; secondly, the study of the different aspects of the EKC hypothesis; and finally, the use of scenarios to be able to conduct forecast calculations of CO2 emissions in a forthcoming period. In many works, these lines of research overlap" [48] (p.604).
This research is part of the second line of research identified and addresses the EKC model. As already mentioned, this model emerged in the early 1990s when Grossman and Krueger [7] found empirical evidence of a non-linear relationship between economic growth and environmental degradation. These authors affirm that the inverted U-shape proposed by Kuznets [23] is also applicable to environmental studies, specifically, the relationship between the increase in per capita income and environmental degradation. Thus, the EKC (bell-shaped curve) emerges.
More broadly speaking, the EKC hypothesis explains that a country, in its early stages of development, generates the necessary losses in terms of environmental quality, which will be compensated in the future with the profits that will arise once a threshold or maximum point of per capita income is exceeded. Consequently, the continuous increase of the product will cause by itself an improvement of the environmental quality [56, 57] . This means that economic growth will influence the improvement of the environment in the long term.
In this sense, EKC has strong public policy implications, since both the deterioration of the environment and the improvement of environmental quality are caused by economic growth [34] . Consequently, if environmental degradation is an inevitable process in the early stages of economic 
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In those studies that address the relationship between economic growth, energy consumption, and CO 2 emissions, the authors divide the specialized literature into three lines of study: "the study of the relationship GDP-energy consumption or GDP-energy-CO 2 emissions, including the study of causality relationships; secondly, the study of the different aspects of the EKC hypothesis; and finally, the use of scenarios to be able to conduct forecast calculations of CO 2 emissions in a forthcoming period. In many works, these lines of research overlap" [48] (p.604).
In this sense, EKC has strong public policy implications, since both the deterioration of the environment and the improvement of environmental quality are caused by economic growth [34] . Consequently, if environmental degradation is an inevitable process in the early stages of economic growth, the best way to achieve higher quality levels in the environment is through the acceleration of economic growth [5] .
In the EKC, three effects can be identified: scale, composition, and technology [22] . The scale effect is the initial process of environmental deterioration, which occurs in the early growth stages of countries with low income levels. The composition effect involves economic growth modifying the productive structure, strengthening the services sector, which is less pollutant than the industry. Finally, the technology effect enables to establish that the most developed nations have greater capacity to invest in innovation and development of clean technologies, so, the scale effect will decrease over time. When an economy achieves the maximum level of development, composition and technology effects take place. Consequently, environmental deterioration is restored and the income continues to increase [58] .
The relationship between environmental deterioration and growth established by the EKC should not be seen as a process of inevitable and automatic relationships, insofar as it should be considered that if environmental goods and services are used as consumer goods and input in the production process, it is necessary to weigh their corresponding income elasticity [59] [60] [61] [62] . It should also be noted that the improvement of environmental quality as a need is a priority only for individuals who have met their basic needs for food, housing, and health. Thus, those people who have an adequate quality of life will give greater value to environmental goods and services, and their willingness to pay for them will be greater than the increase in their income [63] .
In addition, the most developed societies have better levels of education and technical skills, which implies a higher level of demand when designing public policy and regulatory and monitoring mechanisms [64] . People living in rural sectors depend directly on natural resources and are most affected by the variation in their quantity or quality. Therefore, these people demand a better environmental quality regardless of their income level; their willingness to pay is high. However, their ability to pay depends on their income [65, 66] .
It should be noted that developed countries have a robust regulatory and institutional framework, so environmental regulation and the degree of trade openness tends to be stronger than in less developed countries [67] [68] [69] . Therefore, less developed countries are the preferred countries when it comes to locating pollution-intensive industries, which can lead to the existence of pollution havens, even if the income levels have exceeded the threshold established by the EKC [70] .
This discussion has given rise to the hypothesis of the CKC, which is derived from the EKC. Its study is decisive to design public policy that enables to counteract the effects of climate change. Since climate change is a global problem [71] , it is incomprehensible that only developed countries have a robust institutional framework in environmental aspects, while less developed countries are considered to be pollution havens and are more vulnerable to the effects of climate change.
Empirical Evidence
Those studies that have been conducted internationally on CKC show contradictory evidence regarding the relationship between the amount of CO 2 emissions and the gross domestic product (GDP). In this sense, there are several studies, in addition to those already mentioned in the introduction of this research, which corroborated the EKC hypothesis because a non-linear inverted U-shaped relationship was found between economic growth and CO 2 emissions in both the long run and short run [34, 42, [72] [73] [74] [75] [76] [77] [78] [79] . Other studies only found long-term evidence and not short-term evidence [75, 80] . Dinda and Coondoo [81] , as well as Zilio [70] , conclude that there is no long-term relationship.
The results of the research have undeniably depended on the methodology, the data used (variables to be analyzed), and the field of study (country). In this sense, Mahmudul et al. [36] (p.467), in their research, also make a relevant review on some explanations provided in the literature on the variables that affect this disparity of results.
Studies conducted in a single country and using time series found empirical evidence of the existence of the EKC hypothesis: Saboori et al. [42] (Malaysia); Esteve and Tamarit [25] (Spain); Nasir and Ur-Rehman [75] (Pakistan); He and Richard [40] (Canada); Xuemei et al. [77] (Shandong province of China); and Kanjilal and Ghosh [78] (India).
Studies conducted in a single country and using time series that did not find empirical evidence of the existence of the EKC hypothesis: Ozturk and Al-Mulali [82] (Cambodia); Al-Mulali et al. [83] (Vietnam); Akbostancı et al. [84] (Turkey); Fodha and Zaghdoud [26] ; Mhenni [85] (Tunisia); Robalino-López et al. [46] (Venezuela).
Comparative studies between countries using the cross-sectional or panel data analysis that found empirical evidence of the existence of the EKC hypothesis: Narayan and Narayan [74] (43 developing Sustainability 2020, 12, 853 8 of 20 countries); Apergis and Ozturk [86] (14 Asian countries); Al-Mulali et al. [87] (Latin America and the Caribbean); Bertinelli and Strobl [88] .
Comparative studies between countries using the cross-sectional or panel data analysis that did not find empirical evidence of the existence of the EKC hypothesis: Jebli et al. [89] (25 OECD countries); Arouri et al. [20] (12 countries from the Middle East and North Africa); Musolesi et al. [32] (106 developed and developing countries); Jaunky [90] (36 high income countries).
Studies carried out in comparative studies between countries using cross-sectional or panel data analysis whose results indicate different causality relationships for the different countries: Coondoo and Dinda [91] and Mahmudul et al. [36] .
Few studies have been conducted for Ecuador, so Robalino-López et al. [46] use cointegration techniques to evaluate the existence of the EKC hypothesis in the medium term using Jaunky´s specification. Although their results do not show compliance with the EKC, they do show evidence that Ecuador could be on track to achieve environmental stability in the near future, if economic growth is combined with an increase in the use of renewable energies, an improvement of productivity, sectoral structure and the use of a more efficient fossil fuel technology.
White Zambrano-Monserrate et al. [49] apply cointegration tests, stability tests, and causality of Granger, which allows them to confirm the presence of the EKC in the long term, but not in the short term. This would show that Ecuador is still in the ascending part of the curve. In addition, Almeida [47] concludes that for the 1970-2010 period, per capita income generated positive and negative effects on the amount of CO 2 emissions and verifies the existence of EKC through econometric modelling.
Methodology
Study Variables
In the regression model to be estimated, emissions of carbon dioxide (CO 2 ) per capita, measured in tons per person, will be considered as a variable dependent on environmental deterioration. It is necessary to mention that in Ecuador there is no provincial information related to CO 2 emissions during the study period, therefore, energy consumption and the CO 2 emission factor are used as a proxy variable. Table 1 shows the data used and the corresponding information sources. While the provincial production will be the main independent variable, for the present case the provincial GVA is used per as a proxy variable of production in the provinces, the series have been taken from the provincial accounts of the Central Bank of Ecuador for the 2000-2014 period [53] .
The model is complemented with control variables such as the number of vehicles, schooling, and the GINI coefficient [22, 31] . In the Equation estimation (4)-see methodology-the following control variables will be used:
The number of vehicles per capita (VEHICLESPC The aim of these control variables is to observe the effects that poverty and inequality could have on the generation of pollutant emissions, in addition to including the educational level to confirm the premise that societies with a higher educational level tend to take more care of the environment.
In this study, the variables of 21 of the 24 Ecuadorian Provinces are taken into account. Galápagos was not considered because it is an insular region outside the continent, which does not allow for involving it in the spatial methods (neighborhood effect and contiguity) used in this study, as Quintana et al. [96] points out. However, in the data of the provinces of Santo Domingo and Santa Elena, Pichincha, and Guayas were incorporated, respectively, since they are of recent creation (year 2009, before this year they were administratively part of Pichincha and Guayas), so it is not possible to have provincial accounts for previous years. 
Empirical Analysis Model for CKC Estimation
In the empirical analyses on the existence of CKC, different econometric methodologies were used, in which the most common specification was to consider some type of pollutant emission (Cont) as the dependent variable and to relate it to production (Prod), the square of the production (Prod2), and a random perturbation term (u) in a regression model, as described in Equation (1):
where t is the time and β 1 , β 2 and β 3 are the unknown parameters of the model. In panel models, the specification changes slightly by including cross-sectional observations indexed with the letter i in each period of time and adding a term of unobservable fixed effects µ i [97, 98] :
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The relationship between pollutant emissions and production is conditioned to the effect that other variables (X) could have on pollution, the inclusion of these variables is shown in Equation (3).
The specification of Equation (1) has been used in time series models, whereas (2) and (3) have been used when different countries or regions are included, so this last specification is taken up again and the following model is proposed:
where: CO 2 = Carbon dioxide emissions per capita; GVAPC = gross value added per capita; GVAPC 2 = gross value added per capita squared; VEHICLESPC = number of vehicles per capita; PPI = provincial poverty index; SCH = years of schooling by province; GINI = provincial GINI coefficient; i = 1,2, . . . ,21; and t = 2007, 2008, . . . , 2014, i.e., the information used in this work corresponds to observations for the 2007-2014 period, considering a set of 21 provinces of Ecuador.
Due to the fact that the analysis is carried out considering geographic units, i.e., Ecuadorian provinces, Equation (4) could have a specification error by not taking into account the possible existence of spatial dependence of the variables, as it has been widely argued in the literature on spatial econometrics [99] [100] [101] [102] .
In order to avoid the possible existence of a specification error, model (4) was also estimated as a spatial panel, as shown in Equation (5):
where W is a spatial weight matrix, ρ is the coefficient of autoregressive spatial lag, θ i are the parameters of the spatial lags of the explanatory variables of the model, λ is the spatial lag coefficient of the errors, and ε it is a random disturbance term. The specification of Equation (5) follows the methodology of spatial panel models proposed by Anselin [100] , which goes from the particular to the general, taking the classical panel model (Table 2 ) as a starting point. Subsequently, the model coefficients are tested in order to incorporate spatial effects until reaching the more general model as a starting point, which Elhorst [103] denominates the general nested space model (MEGA). Under a methodology from the particular to the general and from a hypothesis testing process, it is possible to give rise to a wide variety of spatial models whose characteristics can be consulted in Elhorst [103] and the different variants estimated in this document were the following:
Spatial auto regression (SAR) model:
Spatial simultaneous autoregressive SAC model:
Structural equation modeling (SEM):
Generalized spatial panel random effects (GSPRE) model:
Results and Interpretation of the CKC Models
The results of the estimation of Equation (4) are shown in Table 2 . With the exception of poverty and the Gini index, all the other variables are statistically significant. The signs of the variables are adequate and correspond to what is stated by the theory: when the number of vehicles per capita increases (VEHICLESPC), emissions increase, as schooling increases, pollution decreases (SCH), and the EKC is fulfilled since income (GVAPC) is statistically significant and positive, while its square (GVAPC 2 ) is negative and significant. The results are consistent both with the fixed and random effects model, and the values obtained for the coefficients of both models are very similar. Spatial dependence tests were performed on the variables by using the Moran Index, which is expressed as follows:
where x i is the study variable in region i, x is its sample mean, w ij are the weights of the W matrix, and R is the sample size (number of provinces). A significant positive (negative) value of the Moran index will lead to the rejection of the null hypothesis of non-spatial dependence and the acceptance of positive (negative) spatial dependence. Figure 5 shows the overall and local results of the Moran index for CO 2 emissions in Ecuadorian provinces. The results show that this index is significant for CO 2 emissions and that it tends to become positive over time.
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A significant positive (negative) value of the Moran index will lead to the rejection of the null hypothesis of non-spatial dependence and the acceptance of positive (negative) spatial dependence. Figure 5 shows the overall and local results of the Moran index for CO2 emissions in Ecuadorian provinces. The results show that this index is significant for CO2 emissions and that it tends to become positive over time. As spatial dependence was significant, estimates of the different models formulated in Equations (5)-(9) were performed. The results obtained are shown in Table 3 . As spatial dependence was significant, estimates of the different models formulated in Equations (5)-(9) were performed. The results obtained are shown in Table 3 . Following the methodology of the general to the particular in the last two columns of Table 3 , the results for Equation (5) are shown, both for the spatial panel model of fixed effects and of random effects. The results of both models are highly satisfactory, in both cases the spatial effects are significant, and the results are similar.
The spatial lag on CO 2 emissions is significant and shows that there are spatial spillover effects, which means that when CO 2 emissions increase in one of the provinces, this positively affects the emissions of its neighbors. It is relevant that spatially lagged explanatory variables are significant for the value added per capita, its square and for the vehicle fleet per person. In particular, the spatial lag effects on vehicles are negative, which means that when the vehicle fleet increases in one of the provinces, the emissions from the neighboring provinces are reduced. In addition, when the value added per person increases in the neighboring provinces, emissions in a specific province are reduced. The same as in the case of the model without spatial effects of Table 2 , the results confirm compliance with the CKC.
In the rest of the models, the results are also very consistent to establish compliance with the CKC. However, they have a specification error problem, as they omit a set of relevant variables, which in this case are spatially lagged explanatory variables that are significant in the species distribution modelling (SDM models). For this reason and considering that in the face of a specification error problem, the coefficients of the model are not consistent, the decision was to select SDM models as the most appropriate representation of the process that explains the generation of pollutant emissions in the Ecuadorian provinces.
In order to evaluate the spatial dynamics in CO 2 generation, the results for the spatial impact multipliers are shown in Table 4 . It is important to consider that these multipliers are obtained from the following transformation in the SDM spatial model [102] :
where S r (W) is the matrix of total spatial impacts and V(W) shows the expansion of spatial impacts for first order and higher order neighborhoods.
Equation (11) shows that region i will impact region j and then j will impact region i, resulting in a sequence of impacts. In the case of Equation (5) , this implies that the variations in CO 2 emissions in a region depend on the emissions in the neighboring regions (Wy) and the other variables (vehicles, education, etc.) in the neighboring regions (WX). Table 4 shows the results of the spatial impact multipliers, in which it is highlighted that the direct and indirect effects are of opposite signs, which generates a compensation of impacts. This means that neighborhood effects tend to compensate for changes in the generation of pollutant emissions. For example, when production in a region increases, causing greater pollution, in the neighboring regions the effect is compensated by generating less pollution, which results in a net effect that is compensated. The other relevant characteristic is that the main variable that affects the dispersion effects of pollution by provinces is the number of vehicles and it is the only variable whose direct and indirect effects are not compensated, giving rise to a positive and significant net effect on the CO 2 emission. 
SDM RE
Direct
Indirect Totals Significant * to 10%, ** to 5%, *** to 1%.
Conclusions
This document aims to fill the gap that exists in the literature regarding CO 2 emissions, as a consequence of electricity consumption in the provinces of Ecuador. The results of this work constitute an important contribution for the design of public policies related to energy efficiency and reduction of environmental pollution. In addition, it contributes to the literature on EKC with a novel study at the regional level. Among the limitations of the study, note that given the difficulty to obtain total data on CO 2 emissions at provincial level of the industrial and agricultural sectors, only electricity consumption data were used.
The empirical evidence presented in this investigation reveals that for the 21 provinces of Ecuador, during the 2007-2014 period, by means of a panel data model, EKC, in an inverted U-shape is fulfilled since income is statistically significant and positive, while its square is negative and significant.
The EKC hypothesis, as already mentioned, explores the relationship between economic growth and environmental deterioration. Therefore, in the short-term, economic growth causes an environmental deterioration and in the long-term, this growth leads to an improvement of the environment, as well as a reduction of its deterioration. In the long-term, production processes use more efficient technologies that involve the conservation of natural resources.
The same results are obtained and show a high consistency when different specifications of spatial panel econometric models are made. In all cases, increases in per capita production lead to an increase in pollutant emissions. However, in the long term, growth has led to a process of reducing emissions, which can be seen in the negative sign of the square of the production variable. This means that the Ecuadorian provinces have exceeded the critical threshold of income in terms of pollutant emissions.
In this investigation, it is observed that when the number of cars per capita increases, emissions increase, as schooling rises, pollution decreases. Although the results do not show a constant deterioration in environmental quality due to the growth of the economy, there is evidence that the evolution of urban and city life, reflected in the increase in the per capita vehicle fleet, becomes a significant factor of the environmental deterioration of Ecuadorian provinces. The estimates of the spatial models indicate that vehicles are a significant factor in CO 2 emissions and their total impact also has a neighborhood effect among the different provinces of the country. On the other hand, higher levels of education tend to reduce CO 2 emissions, which confirms the idea that a more educated population is more aware of the problem and contributes to polluting less. Finally, space spill effects were observed, so as CO 2 emissions rise in a province, it affects positively to the emissions of its neighbors.
Based on the results obtained, it is possible to state that public policies can play an active role in the environmental improvement of the country if they focus on finding alternative means of transport to cars and are more concerned with increasing the educational level of the population. This is consistent with what Robalino-López [48] proposed, who emphasizes the need to implement policies that allow for the diversification of energy sources and increase energy efficiency in productive sectors to achieve more sustainable development.
